Extracellular and intracellular regulation of oligodendrocyte development: roles of Sonic hedgehog and expression of E proteins.
Recent advances in understanding oligodendrocyte development have revealed the importance of both extra- and intracellular molecules in regulating the induction, survival, and proliferation of early oligodendrocyte progenitors. The signaling molecule Sonic hedgehog (Shh) is critical for normal development of oligodendrocytes, although the precise influences of Shh on cells of the oligodendrocyte lineage are unclear. The present study shows that Shh increased the number of oligodendrocyte precursors in both pure cultures of oligodendrocyte precursors and mixed cultures from embryonic rat spinal cord. In pure precursor cultures Shh increased cell survival. In mixed cultures, Shh increased both the survival and proliferation of oligodendrocyte precursors in a concentration dependent manner. One intracellular consequence of exposure to Shh is the activation of transcription factors in oligodendrocyte lineage cells, which are critical for oligodendrocyte development, helix-loop-helix (HLH) transcription factors, Olig1 and 2. In many cases, HLH proteins such as Olig1 and Olig2 heterodimerize with other HLH proteins, such as members of the E subfamily, which are critical regulators of cell proliferation and differentiation. Immature (A2B5(+)) and more mature (O4(+)) rat oligodendrocyte precursors in dissociated cell culture expressed Olig1 as well as E proteins, HEB and E2A. Similarly, cells bearing the morphology of oligodendrocyte precursors expressed both Olig1 and HEB or E2A. We propose that E2A and/or HEB, possibly in combination with Olig1 and 2, are critical components of oligodendrogenesis and may regulate cell survival, proliferation, and fate decisions in the oligodendrocyte lineage.